Rheumatoid arthritis (RA) is a chronic systemic connective tissue disease. The development of comorbidities often occurs in the course of RA. One of them is osteoporosis, which has serious social and economic effects and may contribute to the increase in the degree of disability and premature death of the patient. Due to the young age in which RA disease occurs, densitometry (DXA) of the lumbar spine is the basic examination in osteoporosis diagnostics. In the course of RA, much more frequently than in healthy persons of the same age, osteoporotic fractures of vertebral bodies occur, which hinder a correct assessment in the DXA test. Rheumatoid arthritis patients often undergo computed tomography (CT) examination of the abdominal cavity for other medical indications than suspected spinal injury. Then, CT examination may also serve for the assessment of bone density, especially in patients with osteoporotic fractures.
Introduction
Rheumatoid arthritis (RA) is an immune-mediated inflammatory connective tissue disease. Symmetrical inflammation in the joints of hands and feet is a characteristic feature of RA. In the course of the disease, very often the internal organs are affected and many complications occur, including the development of co-morbidities such as secondary amyloidosis, diabetes mellitus, cardiovascular diseases or osteoporosis.
Osteoporosis occurs very often in the course of RA, which requires particular attention during patients' treatment.
Osteoporosis
Osteoporosis is one of the most common diseases of the skeletal system [1] . In its course, not only reduced bone density occurs, but also structural changes appear, which is why the bones become more brittle. This is associated with a significant increase of the risk of fracture.
It is estimated that approximately 50% of women and 20% of men will suffer from a fracture due to osteoporosis [2] . In 2000, in Europe, 620,000 femoral neck fractures occurred in patients suffering from osteoporosis [3, 4] . Compression spinal fractures constituted a similar number of fractures in the same year [3, 4] .
Osteoporotic fractures are closely associated with an increase in mortality. Approximately 20-30% of patients die as a result of long-term immobilisation and postoperative complications within 6 months after the incident [5] . Femoral neck fractures cause ca. 50% of deaths in this groups. Spinal fractures come second, and they are responsible for ca. 28% of deaths [4] .
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Osteoporosis in patients with rheumatoid arthritis
The frequency of occurrence of osteoporosis in patients with rheumatoid diseases, including RA, is about 50% [6] . The course of osteoporosis is closely connected with the activity of the underlying disease and other risk factors, e.g. age, low BMI (< 18), early menopause (< 45), low-energy fractures, renal failure, diabetes, smoking, alcohol use, high bone turnover, vitamin D deficiency, low intake or impaired absorption of calcium and low calcium serum concentration. Also active inflammation and glucocorticoid therapy, long disease duration, malabsorption and the deficiency of sex hormones are recognized risk factors for osteoporosis [6] .
Reduced bone density within joints, called periarticular osteoporosis, is the first and most common radiological lesion, that is stage I according to Steinbrocker in the course of RA. It is associated with bone erosion and joint space narrowing. Moreover, in the course of RA very often secondary osteoporosis occurs due to the use of glucocorticosteroid (GC) therapy. Currently, it is said that the mechanisms causing periarticular and secondary osteoporosis are at least partly the same [7] .
Development of osteoporosis in patients with RA leads to further decline of the quality of life and increase in the costs of treatment and rehabilitation. The frequency of occurrence of femoral neck fractures and vertebral compression fractures in patients with RA is twice as high as in healthy persons of the same age [8] .
The risk of osteoporotic fractures is closely associated with the disease duration as well as with other factors such as low body mass index, difficulties with movement, GC therapy and sarcopenia.
Osteoporosis diagnostics
Currently, a dual energy X-ray absorptiometry (DXA) test performed from the lumbar spine or femoral neck is the gold standard in osteoporosis diagnostics. The result is expressed as a standard deviation from the peak bone mineral density (BMD), called the T-score. The standard deviation from the mean BMD value for a given age is called the Z-score.
According to the recommendations of the International Society for Clinical Densitometry (ISCD), the T-score is used in the case of men aged 50 or more and women after menopause. Then, the Z-score is used in the case of men below 50 years of age and women before menopause.
BMD assessment in the DXA test should be performed first based on the lumbar spine examination in persons below 65 years of age [9] .
The DXA test measures BMD only, which is sometimes a very serious limitation. Test results in no way include the bone structure, which is equally important in the assessment of bone resistance to fracture.
Unfortunately, in the case of occurrence of degenerative lesions in an examined area, very often a BMD increase occurs, which in turn may lead to masking of osteoporosis in DXA tests and thus, underestimation of the risk of occurrence of fractures [10, 11] .
In extreme cases, even in compression fractures of vertebrae as a result of osteoporosis, BMD values may correspond to the normal bone density or osteopenia, which of course is inconsistent with the clinical condition of the patient.
Such a situation is presented in Figure 1 . A patient suffering from RA for 11 years had a DXA test. The DXA test was performed due to the suspected osteoporosis in physical examination -loss of height, stooped posture and reduction of distance between the ribs and pelvis.
Osteoporosis diagnostics in patients with rheumatoid arthritis
Rheumatoid arthritis most often affects young people at the age of 30-50 years. In the case of diagnostics for osteoporosis in this age group in accordance with ISCD recommendations, the examination performed should be the DXA test of the lumbar spine.
The greatest bone turnover occurs in the spine due to a vast predominance of cancellous bone, which favours the examination of this area in particular. Owing to this, it is possible to quickly diagnose osteoporosis as well as to track the changes occurring during the treatment.
In BMD assessment major lesions should not be expected in the femoral neck due to the relatively young age of RA patients. BMD loss in the area of the femoral neck starts only around the age of 65 [9] .
In the case of RA patients, it is not recommended to perform BMD assessment based on the examination of the distal end of the radius. Due to RA and the inflammatory process connected with it, causing a local BMD loss, this examination will be characterised by over-detection of osteoporosis [7] .
Due to the fact that the fractures of vertebral bodies are very often painless and are usually not diagnosed for a long time, also examination of the lumbar spine is advocated; only about 30% of these kinds of fractures present pain symptoms. Correct diagnosis is often hindered by wrong identification of the pain in the thoracic and lumbar spine as the inflammation of nerve roots [3] .
Due to this, during physical examination it is necessary to take into consideration the loss of height and increased thoracic kyphosis, which is connected with leaning the head forward or reducing the distance between the costal arches and iliac crest of the pelvis.
The above lesions may suggest that there was a compression fracture of the vertebral body in an examined patient. Detection of a vertebral body compression fracture is extremely important from the point of view of further treatment. In persons who have suffered from one such fracture, the risk of subsequent fractures increases from 5-to 7-fold [12] .
Numerous examinations performed confirms a significant increase of the risk of fractures in RA patients as compared to healthy persons of the same age [8, 13] . In a study performed on a group of 191 female RA patients after menopause and a control group of 713 female patients after menopause (in both groups, patients were within the 45-65 age group), the assessment of the number of compression fractures was performed based on X-ray images [13] . It was found that in the RA patient group compression fractures were twice as frequent as in the control group [13] .
These types of examinations confirm how important the lumbar spine area in BMD assessment is. Unfortunately, DXA tests are sensitive to degenerative lesions and compression fractures in the lumbar spine [10, 11] .
The patient whose DXA test result is presented in Figure 1 also underwent CT of the abdominal cavity. Due to clinical symptoms indicative of osteoporosis and risk factors of its development (long-term GC therapy and smoking), the radiologist additionally performed assessment of the lumbar spine. It was found that the patient had a low-energy compression fracture in L3 -a fracture characteristic of osteoporosis, which is presented in Figure 2 .
The case presented in Figures 1 and 2 illustrates the problems in the osteoporosis diagnostics characteristic for RA patients. Hence, using other methods in osteoporosis diagnostics seems to be more effective.
Quantitative computed tomography
One of the alternative methods for BMD assessment is quantitative computed tomography (QCT). QCT is a far more precise BMD measurement method than the DXA test [14] . One of the advantages of this examination is the possibility to measure volumetric bone mineral density (vBMD), which allows one to avoid certain errors in measurements that are connected with surface BMD assessment in the DXA test.
Undoubtedly, the greatest advantage of QCT is the possibility of imaging of bone structure and performing Fig. 1 . DXA test result. Suspected degenerative lesions in L3 vertebra (significant difference in the value of the T-score in comparison to other vertebrae). In accordance with ISCD recommendations, the L1-L2 section was used for the assessment of bone density. Based on the DXA test, osteopenia was diagnosed.
the differentiation between the cortical and trabecular bone [15, 16] . Owing to this, it is possible to perform vBMD assessment in the lumbar spine, even in patients with major degenerative lesions in this area.
In the QCT examination, vBMD assessment may be based only on trabecular bone, whose bone turnover is much faster than in cortical bone [17] . Apart from that, most degenerative lesions refer to cortical bone.
The lack of possibility of such differentiation in the DXA test causes both the masking of osteoporosis due to BMD increase caused by degenerative lesions, and the necessity to maintain a longer time interval between the examinations to demonstrate the changes in BMD values.
Unfortunately, a major limitation of the number of performed QCT examinations is the relatively large dose of x-ray radiation to which the patient is exposed, and lack of standardisation of examinations between the CT devices from different manufacturers. The radiation dose in the QCT examination when using appropriate protocols is 2,500-3,000 µSv, and in the DXA test it is approximately 13 µSv [18] .
The most common method of vBMD assessment in QCT requires the use of a phantom, which causes the need to plan this kind of examination sufficiently in advance. Techniques enabling the vBMD assessment based on standard phantom-less CT examination of the abdominal cavity are less common [19, 20] .
However, despite these drawbacks, in recent years QCT examinations are being performed more often [21] . In 2013, the American College of Radiology (ACR) updated the guidelines for QCT examinations and introduced the definition of osteopenia and osteoporosis based on vBMD measurement [22] . Bone density of more than 120 mg/cm 3 corresponds to the correct bone density. It is assumed that bone density within the range of 80-120 mg/cm 3 indicates osteopenia, and bone density below 80 mg/cm 3 indicates osteoporosis.
Due to the high quality of the obtained image, it is possible to easily detect fractures in the QCT examination which in DXA tests are invisible, as shown in Figure 3 . Based on the QCT examination, it is also possible to differentiate vertebral fractures which occurred as a result of major injuries from low-energy fractures associated with osteoporosis [23] .
The future of screening in osteoporosis diagnostics may belong to phantom-less QCT examinations, in which the bone density is determined based on the density of the surrounding soft tissues (Fig. 3) .
A steady increase in the number of performed CT examinations, including abdominal cavity CT examinations, has been observed for many years. These examinations may be used for vBMD assessment of the lumbar spine, and they are also applicable to the population that should undergo an examination for osteoporosis.
Further development of programs like Radnostics (Fig. 3) should to a large extent remove the inconveniences associated with standard QCT examinations, i.e. special planning of the examination and additional effort connected with vBMD assessment. With the constantly growing number of performed CT examinations, this diagnostic method may become one of the basic screening methods.
Summary
Considering the fact that RA patients, due to various complications in the course of the underlying disease, undergo CT examinations more often than healthy persons of the same age, QCT, especially phantom-less, may constitute a good alternative method of bone density assessment as compared to DXA tests.
The relatively young age of RA patients, increased risk of osteoporosis occurrence and twice as high number of compression fractures in comparison with healthy The presented information is not intended for therapy initiation or definitive diagnosis of osteoporosis. further testing with a bone densitometry scan (e.g. DXA or QCT) may be recommended at the radiologist's discretion persons also favour the use of the QCT examination. Moreover, limitations connected with the DXA test occur in patients with exacerbated degenerative lesions in the spine. Certainly, modern DXA devices enable the performance of morphometry, which should serve to identify fractures of the vertebral bodies [6] . However, the quality of the imaging is much lower than in the case of the QCT examination, and it requires different positioning of the patients than in the regular DXA test for BMD assessment, which is connected with the performance of an additional examination. This requires more time than the time needed for performance of the QCT examination and assessment of potential fractures of vertebral bodies using an automatic computer program such as Radnostics.
Taking into consideration the fact that vBMD assessment in CT examination may be performed automatically and it does not interfere with the standard protocol of the CT examination of the abdominal cavity, after the evaluation of advantages and disadvantages of the DXA test and QCT examination, it may be assumed that in RA patients the QCT examination may have a significant Fig. 3 . QCT examination. VBMD assessment was performed based on phantom-less CT examination of abdominal cavity using the fully automatic Radnostics computer program (Radnostics LLC). The image shows the fracture of the L3 vertebral body; in accordance with the ACR criteria osteoporosis was diagnosed, which conforms to the clinical picture.
impact on the therapeutic procedure. In many cases, it will enable faster detection of BMD reduction than the DXA test. This refers mainly to the lumbar spine examination.
It needs to be noted that the low detectability of fractures in CT examinations is connected with the fact that these examinations are performed for other diagnostic reasons than the search for fractures. Radiologists rarely use the Genant classification for the assessment of fractures; thus, they usually only describe major fractures which correspond to grade 3 fractures according to the Genant classification [6] . In the QCT examination result, in which only vertebral bodies are visible, it is possible to easily diagnose minor fractures of vertebral bodies.
For the abovementioned reasons, the QCT examination should be used as one of the examinations in the diagnostics of osteoporosis in RA patients who undergo CT examinations of the abdominal cavity for other medical reasons.
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